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..} meteorological forecasting studies,

17. KEY WORDS
Percentage Levels of Wind Speed Differences
FPS-16 radar/Jimsphere Wind Speed Profiles Unclassified-Unlimited

*/ /ﬂ /‘il //r/f/f""

J
///E D. Geissler, Director

. Aero~-Astrodynamics Laboratory
1. SECURITY CLASSIF, {of this report) 20. SECURITY CLASSIF, (of this page) 21

18. DISTRIBUTION STATEMENT

o,

. MO. OF PAGES 22.. PRICE

UNCLASSIFIED . UNCLASSIFIED 155

MSFC « Form 3292 (May 1969)

NT1IS
For sste by Natlonal Technies! Informetion Service, Springfleld, Virginia 22161




I. INTRODUCTION

When launching vertically rising vehicles, it is desirable to pre=-
dict what the lower and upper atmospheric wind conditions will be at the
time of launch, Starting about 50 hours before and continuing to the
time of launch at specified time intervals, MSFC's Aero-Astrodynamics
Laboratory personnel in the Prelaunch Monitoring Group are responsible
for conducting vehicle response simulations which duplicate the total
vehicle dynamic and bending moment responses to the Jimsphere wind
velocity data, Perusal of these sequential runs is necessary to pre-
dict the wind conditions likely to occur at flight time., This informa-
tion is used with the computed nominal bending moment curves to furnish
the predicted margin of safety for the entire flight,

Figure 1 is a composite of 12 FPS-16 radar/Jimsphere wind profile
measurements on November 8 and 9, 1967 at Cape Kennedy, Florida, illus-
trating the prelaunch program at Marshall Space Flight Center [1]. These
Jimspheres were released for the Saturn 501/Apollo launch on November 9,
1967 (1200Z)., The first Jimsphere was released at 0613Z on November 8,

1967 and the last release in the sequential run was on November 9, 1967,
1220Z (20 min, after launch),

The monthly and annual variations of wind from 1,5-hour interval

- daily sequential data are presented to better understand the subject of
wind variability and improve predictions, WNot only are the wind veloc-
ities (velocity changes as a function of height and time, maximum wind
speed, etc,) observed as the data are collected, but the results of various
environmental studies on the lower~ and upper-level winds are also used

to enhance the prelaunch wind analysis, Included in this report are
results which are useful in predicting (statistically) lower- and upper-
level wind change conditions for the Cape Kennedy area, These results are
applicable only in the Cape Kennedy, Florida area since there are definite

differences in lower and upper atmospheric wind flow conditions from
place to place,

II, DATA SOURCE AND ANALYSIS

The daily sequential Jimsphere releases at Cape Kennedy were analyzed
as follows, Each sequential set of wind profiles was used as an inde-
pendent sample of data, Normally, the balloon releases are about
1.5 hours apart, Since the hourly sequential runs may be greater
or even less than one hour, a * 45-minute tolerance between release
times of the balloons was used. Specifically, the following classi-
fication was used to identify the balloon's release elapsed time
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for the sequential wind profile data, Of course, the first Jimsphere
balloon of each sequence was identified as the zero hour release,

Time Classification and Balloon Release Time Range (hr)

Time Classification Balloon Release
n (nAt - hrs)® Time Range (hr)**
1 1.5 0.75 - 2,24
2 3.0 2,25 - 3,74
3 4,5 3.75 = 5.24
4 6.0 5.25 - 6,74
5 7.5 6.75 - 8,24
6 9.0 8.25 = 9,74
7 10,5 9.75 = 11,24
8 12,0 11,25 - 12,74
* At = 1.5 hr

%k
Time in hundredths of hrs,

The first balloon of each sequence was identified as the zero-~hour
release, Again, the second release was identified as zero~hour release,
As an example, in a sequence of four Jimsphere releases at 1,5 hours
apart at 1200, 1330, 1500, and 1630 ZULU, there were three observations
separated by 1.5 hours, two observations separated by 3,0 hours and
one observation at a At of 4,5 hours,

The data were grouped into five layers, namely, 1-5, 5-10, 10-15,
and 15~20 km, In addition, a grouping was made for the 0.2 to 1 km
layer, Scalar wind speed at each 25-meter height interval was used
within each 5-km layer, Example scalar winds at 1000, 1025, 1050,

1075, ..., 4975 meters will appear in the 1-5 km altitude group. This
procedure was followed for each of the five layers, The data computa-
tion was the same as presented in reference 2, with one exception, i.e.,
no wind direction grouping was used in the sequential wind profile

analzsis.




As an example, for the first reading (W,) for a given sample of sequen-
tial data, the wind speed classification was determined as follows [2]:

Class S1 0 to 9,9 m sec'1 .
Class §2 10 to 19,9 m sec'1

® ' e J
Class S8 80 m sec™l and above,

The wind speed differences between the W, reading and the succeed-
ing readings for the same altitude were tabulated:

AW = W - W,
nAt

where At = 1,5 hr, and n = 1,2,3,4, ..., 8. The sign of AW was
maintained,

All of the AW for each of the independent sequential runs during
each month were grouped into the five layers, respectively, A cumulative
frequency distribution was then computed for each monthly group. From
this distribution, discrete levels (1.0, 5,0, 10,0, 25,0, 50,0, 75,0,
90.0, 95,0, and 99,0 percent) can be determined, These results are
presented in Tables la through 1l2e,

The results presented in the tables are wind speed differences
classified according to the initial requirements, These differences
will not be exceeded during the percentage of time equal to the
probability level of occurrence, For example, in Table 1b the value
given for January, 1-5 km layer, 0-10 m sec=l, 3,0 hr lapse time, and
90 percent level is 3,3 m sec~!, Therefore, it is to be expected that
90 percent of the time the wind speed (for the stated conditions) will
not increase more than 3,3 m sec~*, i,e,, if the wind speed was 5 m sec”
at a given time, then 3.0 hours later it could be less than or equal
to 8,8 m sec~l for 90 percent of the time, This value of 3.3 m sec~l
was obtained from the cumulative frequency distribution as explained
in the preceding paragraph,

The number of observations (wind profile values) used to compute
the respective increasing and decreasing wind speed values is given
at the bottom of each table,



ITI. ACCURACY OF DATA

A study of the accuracies of wind data measured by the FPS-16
radar/Jimsphere method is presented in references 3 and 4, There has
been no attempt to try to determine the statistical accuracies of the
wind speed differences, However, the confidence placed in the tabular
values decreased outward from the center value (50,0 percent); i.e.,
the least amount of confidence should be placed in the extreme levels
(1.0 and 99.0 percentiles), Furthermore, the number of observations
gives a measure of the statistical confidence that may be placed in
the results obtained, Thus, limited confidence should be placed in
tables having less than about 30 observations, As indicated in
references 3 and 4, the RMS error in the Jimsphere/FPS-~16 radar
measured wind data is on the order of 0,5 m sec~!, The evaluation
of the FPS-16 radar/Jimsphere system was based on data acquired during
normal range operational use of the tracking radar because, if the
system is to be readily useable at various locations, an estimate is
desired of the operation system accuracy without imposing constraints
relative to special tracking techniques, etc,

Iv, COMMENTS

The monthly and annual percentage levels of wind speed differences
presented in this report were obtained from monthly sequential profiles
of FPS-16 radar/Jimsphere wind profile data from December 1964 to July
1970, Cape Kennedy, Florida, Therefore, the data are directly applicable
to the specified area and immediate surroundings of KSC. The results
presented will be a useful aid to the meteorologist in predicting atmos-
pheric winds and wind speed variability for aerospace vehicle launch
operations, These data will also be useful to all aerospace engineers
in studying the design, launch, and flight response of vehicles.
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